ABSTRACT: Microstructure has the decision influence to mental performance. With the development of computer technology, numerical simulation of metal solidification microstructures has been widely researched and applied. Three methods of microstructures numerical simulation was introduced in this paper, emphasizing on basic principle and development.
GENERAL INSTRUCTIONS
With the development of computer technology, numerical simulation of metal solidification microstructure has been widely researched and applied at home and abroad. Numerical simulation of metal solidification microstructures, that is, setting up physical model based on solidification theory and carrying out numerical simulation with computer for casting quality forecast, has become a hot spot in casting field. Recently, new physical models and simulation methods has been putting forward, with which effective simulation of casting process can be realized effectively with certain conditions, taking forecast of Shrinkage Cavity and Porosity for example, which has been applied for practical engineering. But there is still limitation for every method.
The microstructure numerical simulation can be divided into three categories, namely deterministic method, probabilistic method, phase-field method. Probabilistic method, also called random method, is mainly composed of cellular automata (CA) and Monte Carlo method (MC). Phase-field method, cellular automaton method and Monte Carlo method is most widely used in metal solidification microstructure simulation. Development and application as well as the drawback of the three methods will be introduced in the following, based on which development direction will be pointed out.
PHASE_FIELD METHOD
Phase-field Method was putted forward based on Ginzburg Landau Equation, which describes synthesis of diffusion, ordering and thermodynamics driving force in differential equation. It can be used to describe changes of complexed phase interface in nonequilibrium state, so microstructure simulation can be realized, because of which it is also called direct simulation method [1] . As shown in Figure 1 , in phase-field method, Scalar field, namely Φ (x,y,z,t), was introduced to describe evolution of the system in space and time.
At a certain time, if Φ>1, it means system at point (x,y,z) is solid phase, if Φ<0 system at point (x,y,z) is liquid phase, and if 0<Φ<1，it means the point (x,y,z) stays in solid-liquid coexistence state. There are many physics models of Phase-field method, but they can be divided into three categories according to the basic theory. Models based on entropy functional theory and free energy functional theory are two methods of the most widely used. Establishing reasonable phase field model is the key of the microstructure simulation implementation.The essence of phase field model is the abstractingand expressingphysical problems in a set of partial differential equation. The phase field method has been successfully used in multiphase alloy solidification, especially in simulation of eutectic and peritectic phase transition. A research is carried out on magnesium alloys single dendrite and multiple dendritebehavior in force convection by Li Chun et al based on pure diffusion Phase-field method, realizing simulation of dendritic growth in force convection. The conception of interface functioning scope was put forward by Zhang X.G from Northeastern University, based on which simulation of grain growth in industrial scale was realized using phase field method. Long W.Y. from Huazhong University of Science and Technology developed a modified phase field model based on Ginzberg-Landau theory, and applied it for the study of Al_Gu alloy solidification.
CELLULAR AUTOMATON METHOD
Cellular Automaton theory was put forward in the 1940 s by Von Neumann and Ulam, which mainly focuses on study of the possibility of robot self-restoration. In 1993, Rappaz from Switzerland tried to apply CA method on microstructure simulation, which succeeded in simulation of aluminum silicon alloy medium size castings solidification in non-uniform temperature field. After that, lots of improvement and perfection was done by scientists of different countries. The kernel idea of CA method is dispersing space into basic units of the same size i.e. cellular, such as A, B1, B2, B3 and B4 shown in Figure 2 . Relationship between neighborhood rule cellular automata is determined. Every cellular includes several variables, such as temperature, physical state (solid or liquid), solute concentration and crystal phase. Finally, the rules of cellular revolution are made, and time is dispersed. Then, every cellular evolutes according to self-state and the neighborhood rule cellular state in one time step. CA method takes the advantages of taking nucleation into consideration, as well as effect of nucleation, Mass Transmission and convection to microscopic nucleation and growth. So columnar crystalpreferred growth and transition to equiaxed grain can be well simulated. Besides, simulation of columnar crystal and equiaxed grains share the same dynamic model. In our country, relevant research was done by researchers from Tsinghua University, Northwestern Polytechnical University and the Institute of Metal Research Chinese academy of sciences. Liu B.C. from Tsinghua University took research on microstructure simulation of AL-Si Alloy with CA method [4] . Microstructure in various cooling condition was obtained with the conception of nucleation distribution parameter. In the Chinese Academy of Sciences, CA method was combined with FED method for the nucleation and grain growth process simulation. In this research, length an orientation of surface columnar crystal was successfully predicted.
MONTE CARLO METHOD
Monte Carlo Method was developed based on minimum interfacial energy, taking statistics as main theory basis and random sampling as main means. The system space is meshed into rectangular or hexagon grid, every node is numbered to express the crystal directions. A grain is expressed by adjacent nodes with the same crystal direction. And the phase interface is made up of adjacent nodes with different crystal directions. At the beginning of solidification, one node is taken as initialcrystal nucleus, and its nucleation ratio X is calculated according to its condition . If X is bigger than the random number, solidification begins, and the grain growth can be calculated in the same way.
In 1980s, MC method was used for microstructure simulation for the first time by Brown and Spittle. The effect of over heat, mold temperature, alloy composition and equilibrium partition coefficient on grain structure was predicted. Oldfiel's is mixed mode for nucleation ration calculation developed by the combination of MC method and macro economic continuous equation. In domestic, an improved MC algorithm was put forward by Y u H.Q., with the combination of periodicity boundary condition the Pb-Sn alloy eutectic solidification and growth was simulated, result of which agreed well with experiment result. Ding Y.T. carried out the microstructure simulation of directional solidification process, and the result was well close to the experimental result [5].
5 PROBLEMS AND DIRECTION 1) Although there is lots of research on dendritic simulation based on Physics-field method, there's still many disadvantages, low anastomosis on simulation results and experimental results of pure metal crystallization with large an astomosis and high dependence on interfacial thickness. So it's important for further improvement of Phase-field method model. Besides, combining Phase-field method and other method will be a good way for more realistic microstructure simulation.
2) All CA models established at present take temperature field and solutes into account, but there's little research on fluid field, and only limited to the usual solidification conditions. It's essential to expand the CA model applicable rangeto situation in force convection. It will play an important role in the development of the semisolid continuous casting technology
3) The MC method takes probability statistics for theory basis, but it lacks both grain nucleation and growth physics basis, so it's not able to take quantitative analysis on solidification process. It is necessary to strengthen the basic theory research. 
